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SUMMARY
Early childhood is a period of dramatic change in sleep and emotion
processing, as well as a time when disturbance in both domains are first
detected. Although sleep is recognized as central in emotion processing
and psychopathology, the great majority of experimental data have been
collected in adults. We examined the effects of acute sleep restriction
(nap deprivation) on toddlers emotion expression. Ten healthy children
(seven females; 30–36 months old) followed a strict sleep schedule
(‡12.5 h time in bed per 24-h) for 5 days, before each of two randomly
assigned afternoon emotion assessments following Nap and No-Nap
conditions (resulting in an 11-day protocol). Children viewed emotion-
eliciting pictures (five positive, three neutral, three negative) and
completed puzzles (one solvable, one unsolvable). Childrens faces
were video-recorded, and emotion displays were coded. When sleep
restricted, children displayed less confusion in response to neutral
pictures, more negativity to neutral and negative pictures, and less
positivity to positive pictures. Sleep restriction also resulted in a 34%
reduction in positive emotion responses (solvable puzzle), as well as a
31% increase in negative emotion responses and a 39% decrease in
confused responses (unsolvable puzzle). These findings suggest sleep
is a key factor in how young children respond to their world. When sleep
restricted, toddlers are neither able to take full advantage of positive
experiences nor are they as adaptive in challenging contexts. If
insufficient sleep consistently taxes young childrens emotion
responses, they may not manage emotion regulation challenges effec-
tively, potentially placing them at risk for future emotional ⁄behavioral
problems.
INTRODUCTION
Sleep is increasingly recognized as a central factor in
emotion processing and psychopathology (Walker and Har-
vey, 2010). Sleep-deprivation produces decrements in mood,
emotion reactivity and hyper-vigilance, as well as amplified
sensitivity to negative stimuli and reduced sensitivity to
positive stimuli (Franzen et al., 2009; Gujar et al., 2011;
Pilcher and Huffcutt, 1996). The abilities and skills (e.g.
executive functioning, working memory, attention, response
inhibition) underlying emotion processing are also impaired
by prolonged wakefulness (Goel et al., 2009). Furthermore,
functional imaging following sleep deprivation suggests a
disconnect between the amygdala and medial prefrontal
cortex – brain regions critical for the expression and
regulation of emotion (Yoo et al., 2007). Finally, an estab-
lished clinical literature indicates sleep disturbance is asso-
ciated with affective disorder symptoms, which commonly
improve after treatment of the sleep disorder (Peterson and
Benca, 2006). The present study extends such findings by
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examining links between sleep and emotion processing in
early childhood.
Sleep patterns change substantially during early childhood.
Total 24-h sleep decreases from about 13 h at 2 years old to
about 11.5 h by 5 years old (Crosby et al., 2005). The
afternoon nap taken by almost all 2 year olds is commonly
dropped between 3 and 4 years old, either naturally or
because caregivers no longer provide children a nap
opportunity (Weissbluth, 1995). Against this background of
developmental change are reports of sleep problems (e.g.
sleep-onset delay, bedtime resistance, prolonged nocturnal
awakenings) in about 25% of young children (Owens et al.,
2000). Whether children obtain adequate sleep is determined
by a host of intrinsic and extrinsic factors, such as early
developmental changes in biologically based homeostatic
and circadian processes, contemporary family demands,
daycare ⁄preschool schedules, and chronic illness (Jenni and
LeBourgeois, 2006). Insufficient sleep may result also from
one of many common sleep problems, secular changes or
lack of opportunities to nap.
Similar to sleep, developmental shifts in the ability to
process (i.e. express, regulate) emotion are also pronounced
during early childhood. Maturing language abilities and the
development of self allow for more sophisticated emotion
processing (Brownell and Kopp, 2007). Increased displays of
self-conscious emotions, such as pride, shame and guilt, are
also observed in toddlers (Lewis et al., 1992), indicating that
children this age can reflect on their own behavior. The
presence of such emotions can also predict future positive
developmental outcomes (Kochanska et al., 2002). Most
children begin to manage their emotions more independently
by preschool and early school-age (Cole et al., 1994).
Toddlers independence, autonomy and increased involve-
ment in goal-oriented tasks facilitates their emotional invest-
ment in the tasks outcome, thus providing more opportunity
to practice emotion-processing skills (Jennings, 2004). Suc-
cessfully completing challenging tasks makes it more likely
for a young child to experience positive emotions, such as
joy, excitement and pride. On the other hand, task failure may
heighten a childs frustration and experience of sadness,
anger, worry ⁄anxiety or shame (Lewis et al., 1992). Confu-
sion, a knowledge emotion associated with periods of active
cognitive engagement or disequilibrium (Silvia, 2009), is
commonly observed with greater problem-solving efforts and
constructive learning (DMello et al., 2007). Despite substan-
tial developmental achievements in early childhood, toddlers
are far from reliable managers of their emotions. Based on
prior work in adolescents and adults, we propose sleep
restriction as one important yet relatively unexplored context
that may tax childrens developing patterns of emotion
processing.
Although a developmental framework for studying func-
tional links between sleep and emotion was proposed over a
decade ago (Dahl, 1996), the majority of published studies
have been correlational. Such large-scale reports suggest
associations between inadequate sleep (i.e. short nighttime
sleep, sleep problems, sleep fragmentation), and internaliz-
ing and externalizing behavior problems in young children
(Coulombe et al., 2010). Furthermore, preschoolers with
sleep problems are more likely to have emotional disorders
in later childhood and adolescence, even after accounting for
stability of such problems and demographic variables (Greg-
ory and OConnor, 2002). Currently, few well-controlled
experimental data on sleep and emotion links in young
children exist. One quasi-experimental study found 14-
month-old infants fatigued by lack of daytime sleep used
fewer mature regulatory strategies and exhibited more
distress when separated from their mother (Ross and
Karraker, 1999). Another intervention report showed suc-
cessful treatment of frequent ⁄prolonged nighttime awaken-
ings was associated with less irritability and negative
behavior, as well as improved attention and social skills
(Minde et al., 1994).
We propose that early childhood is an important window for
examining relations between sleep and emotion processing,
because both systems are undergoing rapid developmental
change. The current study utilized an experimental design to
test the effects of sleep restriction on young childrens
emotion responses as assessed objectively with analysis of
facial emotion expressions. Specifically, we examine the
effects of daytime sleep restriction, or nap deprivation,
because napping is prevalent in toddlers. This analysis was
one part of a project examining the co-development and
co-regulation of sleep, circadian and emotion processes in
young children.
MATERIALS AND METHODS
Recruitment and screening of participants
We recruited families of young children through flyers,
website advertising and personal contact at community
events. Screening involved parents completing a telephone
interview and questionnaires. Study inclusion required chil-
dren to be 30–36 months old, and regularly following a
biphasic sleep ⁄wake schedule (nighttime sleep period of a
least 10.5 h and one daytime nap of at least 45 min in bed) in
which they fell asleep at least 3 days week)1 during their nap
opportunity. We excluded children for: (1) daily ⁄nightly co-
sleeping (e.g. with a parent, sibling, pet); (2) a bedtime ⁄ rise
time sleep schedule varying more than 2 h between week-
days and weekends; (3) travel beyond two time zones within
3 months prior to assessments; (4) medication use possibly
affecting sleep, alertness or the circadian system; (5)
diagnosed sleep problems; (6) illness at the time of the
assessments; (7) physical handicaps interfering with testing
(e.g. blind, deaf); (8) developmental disabilities; (9) chronic
medical conditions, infectious illnesses, lead poisoning and
head injury involving loss of consciousness; (10) pre-term or
post-term delivery (term = 35–45 weeks); (11) low birth
weight (<5.5 lbs); (12) scores in the clinically significant
range (T > 70) on the Child Behavior Checklist (CBCL); and
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(13) a family history (first degree) of diagnosed narcolepsy,
psychosis or bipolar disorder.
For this 11-day protocol, 78 children were screened: 35
met criteria, 16 enrolled and 11 completed the study.
Incomplete assessments were due to children not napping
on the day of the assessment, sickness, poor video quality or
study withdrawal. Analysis of data from the emotion-eliciting
pictures includes nine children (one child excluded due to
religious practices; one child excluded for technical difficul-
ties), and analysis of data from the puzzle task is from 10
children (one child excluded due to protocol violation). All
families signed an IRB-approved consent form. Parents
received $25 in cash, and children received a $75 savings
bond following study completion.
Participants
Participants were 10 healthy toddlers (seven females; six-
first-born; eight Caucasian, one African-American, one
mixed-race) aged 30–36 months (M = 34 months;
SD = 1.7 months). Three attended full-time daycare, three
had in-home childcare provided by a non-family member and
four were cared for exclusively by their parents.
Sleep schedule protocol and training
Children followed a strict daytime nap and nighttime sleep
schedule for at least 5 days before each of two emotion
assessments to minimize the influence of sleep restriction
and to stabilize the circadian system (‡12.5 h time in bed per
24-h day). Thus, the typical 11-day protocol involved 5 days
on a strict sleep schedule before the first emotion assess-
ment, and then another 5 days on the sleep schedule before
the second emotion assessment (Fig. 1). Assessments were
rescheduled after an additional 5 consecutive days on the
sleep schedule if any of the following occurred during the
protocol: (1) accidental nap; (2) bedtime or rise time deviating
more than 15 min from sleep schedule; (3) illness; (4) use of
medications affecting sleep and ⁄or alertness; or (5) caffeine
consumption. Researchers corresponded daily with parents
to ensure compliance with study procedures.
Families participated in at least two in-home trainings
designed to gradually introduce study procedures. These
visits included attaching the actigraph to the child (Tyvek
wristband; DuPont, Wilmington, DE, USA), briefing parents
on actigraph care ⁄use and in completing the sleep diary, and
having children wear headphones while watching a series of
training pictures on a notebook computer screen. After each
visit, children were rewarded with play time with research-
ers, and small gifts (e.g. stickers).
Emotion assessments
Emotion assessments were administered in the childs home
under two different conditions: (1) Nap (baseline – child
napped before assessment); and (2) No-Nap (sleep restric-
tion – child did not nap before assessment). To reduce the
likelihood of sleep inertia effects on childrens emotion
responses, the protocol start time for both conditions was
1 h past the childs scheduled nap rise time. The Nap and
No-Nap conditions were randomly determined and occurred
on non-consecutive study days. Each 30-min emotion
assessment used tasks appropriate for 2–3 year olds. The
emotion-elicitation protocol was always conducted first, and
the challenge protocol conducted second (see below).
Because the study was a repeated-measures design,
assessments included alternate forms of emotion-eliciting
tasks not subject to carry over or learning effects.
Upon arrival in the home, we confirmed compliance with
the study rules and the sleep schedule by inspecting the
childs wrist actigraphy data, reviewing sleep diary entries
and questioning parents (see below). We then constructed
the home-based emotion assessment context, including a
child-sized table and chair, a notebook computer placed
10 inches from the front edge of the table, and a video
camera positioned to capture the childs body from the chest
up. Children were rewarded with a small non-monetary gift
after assessment completion.
Emotion-elicitation protocol
The first task utilized a computer avatar Bunny to instruct
children to remain seated and view a series of pictures on a
computer screen. Children listened via headphones to help
eliminate noise. Assessments contained alternate forms of
11 emotion-eliciting pictures with comparable valences within
and across forms (five positive, three neutral, three negative;
Table 1), and comparable levels of arousal within valence, as
defined by the International Affective Picture System
(9 = highly positive to 1 = highly negative valence; 9 = high
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Figure 1. Eleven-day sample protocol for a child following a strict
sleep schedule with a 20:00 bedtime, a 07:00 rise time and a 12:30–
14:00 afternoon nap opportunity (12.5 h time in bed per 24-h period).
Solid black bars represent time in bed. Alternate forms of emotion
assessments (E1 = Nap; E2 = No-Nap) occurred after 5 days on the
strict sleep schedule. Emotion assessments took place 1 h after
regularly scheduled nap rise time.
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arousal to 1 = low arousal; Lang et al., 1997). Although the
IAPS has not been used extensively with young children, we
chose stimuli from this collection because the valence and
arousal of most images have been rated and evaluated with
other age groups, including school-age children. Also, in
previous research with a large sample of 4 year olds, we
found that children responded in predictable ways (positive
and negative emotion expressions) to IAPS stimuli that were
rated as clearly positive or negative in valence, yet were
developmentally appropriate (e.g. shark for negative image,
baby for positive image, dustpan for neutral image) and not
too distressing. In the current study, the mean valence ratings
(across forms) were 8.38 for positive images, 3.17 for
negative images and 5.90 for neutral images. Arousal levels
were rated similarly within valence and, as with other studies,
arousal ratings of neutral images were lower than for more
positively- or negatively-valenced images (Table 1). Picture
segments were summarized for analyses as follows: Positive,
Neutral and Negative (aggregated across each picture
valence). To indicate the range of emotion displays in
response to each picture valence, we computed the number
of slides of each valence that elicited positive, negative or
confused responses from children.
Challenge protocol
The second set of tasks included two age-appropriate
puzzles (one solvable, one unsolvable). The solvable puzzle
was designed to elicit positive emotional responses by
providing children with an opportunity for task completion.
The unsolvable puzzle included one incorrect piece designed
to prevent task completion and to elicit negative emotional
responses. The order of puzzles was solvable followed by
unsolvable; alternate forms were used for Nap and No-Nap
conditions.
Fig. 2 presents the sequence of puzzles and segments in
the challenge protocol. For the Setup segment of both
puzzles, children were told, ‘‘Here is a picture of a puzzle.
Now its your turn to do a puzzle just like this one’’. Children
looked at the picture for 4 s. Then the puzzle was presented,
marking the beginning of the Solving segment. After children
completed the solvable puzzle they were told ‘‘Good job
finishing the puzzle. You get a sticker because you finished
the puzzle’’ (solvable puzzle Wrap-up segment). The
unsolvable puzzle included one incorrect piece. The Solving
segment for the unsolvable puzzle denoted the period when
children were actively solving the puzzle. When only the
incorrect piece remained an electronic marker was inserted
to denote the unsolvable puzzle Wrong Piece segment.
When children stopped attempting to complete the task they
were prompted to Finish the puzzle. We analysed data
during the 5 s following this prompt (unsolvable puzzle Finish
the Puzzle segment). Finally, children were told they would
not receive a reward (sticker) because they did not finish the
puzzle (unsolvable puzzle Wrap-up segment). While both
puzzles included Setup and Wrap-up segments, the key
Solvable puzzle
Solving
“Finish the puzzle”
Wrong
PieceSetup Wrap up Setup
Unsolvable puzzle
Solving Wrap up
Figure 2. Sequence of puzzles and puzzle segments in the emotion challenge protocol.
Table 1 IAPS stimuli (description, number, valence, arousal) used in alternate forms of emotion assessments
Form 1 pictures Form 2 pictures
Number Valence Arousal Number Valence Arousal
Positive Positive
Three puppies 1710 8.69 (0.86) 5.61 (3.55) Two bunnies 1750 8.67 (0.79) 5.36 (3.34)
Dolphins 1920 8.64 (1.22) 6.25 (3.21) Baby 2070 8.51 (1.15) 5.71 (3.21)
Boy ⁄ ice-cream 2650 8.44 (1.28) 6.22 (3.13) Fireworks 5910 7.47 (2.13) 6.40 (3.12)
Space shuttle 5450 7.89 (1.94) 6.64 (3.19) Candy 7400 8.50 (1.25) 5.94 (3.31)
Ice-cream 7330 8.39 (1.73) 6.42 (3.02) Roller coaster 8490 8.53 (1.06) 7.50 (2.52)
Neutral Neutral
Dustpan 7040 5.44 (2.05) 2.51 (2.28) Flowers 5020 6.43 (2.24) 3.31 (2.72)
Book 7090 5.97 (2.18) 3.11 (2.94) Fork 7080 5.64 (2.28) 2.31 (2.19)
Fire hydrant 7100 6.06 (1.90) 2.94 (2.54) Umbrella 7150 5.83 (1.86) 2.75 (2.70)
Negative Negative
Shark 1930 3.91 (2.51) 7.71 (1.95) Snake 1120 3.92 (1.93) 6.58 (2.60)
Smoke* 9280 2.80 (1.54) 4.26 (2.44) Garbage* 9290 2.88 (1.52) 4.40 (2.11)
Ruins* 9470 3.05 (1.51) 5.05 (1.98) Ship* 9600 2.48 (1.62) 6.46 (2.31)
*Valence and arousal were not available for children; reported values are from adults.
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segments analyzed in this study included the Solving
segment from the solvable puzzle and the Solving, Wrong
Piece and Finish the Puzzle segments from the unsolvable
puzzle (Fig. 2). Because the challenge protocol assesses
overall emotion reactivity in a lengthy social interaction, we
computed the percentage of time children displayed emotion
states (discrete and composite).
Measures
Childrens Sleep Habits Questionnaire (CSHQ)
The CSHQ is a 33-item parent-report instrument. Items are
rated on a three-point scale (usually, sometimes, rarely), with
higher scores indicating more problematic sleep. The CSHQ
Total Scale adequately discriminates between children with
and without sleep problems (Owens et al., 2000).
CBCL
The CBCL (1½–5) is a pencil-and-paper 99-item parent-
report scale assessing early childhood emotional and behav-
ioral problems, yielding Internalizing and Externalizing
scores. Standardized T-scores are categorized as within
normal limits (T < 60), at-risk (T = 60–69) or clinically signif-
icant (T ‡ 70). The CBCL 1½–5 has adequate reliability
(test–retest, multi-informant) and validity for clinical instru-
ments (Achenbach and Rescorla, 2000).
Sleep diary
Parents completed a 26-item sleep diary on each study day.
Evening questions documented childrens daily events,
mood, stress level, nap times, caffeine or medicine intake,
actigraph off times, bedtime, lights-out time and activities
before bedtime. Morning questions documented childrens
night awakenings, reasons for disturbed sleep, sleep quality
and wake time.
Actigraphy
Actigraphy is a non-invasive tool for estimating sleep
patterns under non-laboratory conditions (Acebo and Le-
Bourgeois, 2006). The actigraph (model AW64) was worn on
the childs non-dominant wrist and provided continuous
recordings of sleep ⁄wake states by measurement of motor
activity (MiniMitter, Bend, OR, USA). Actiware-Sleep V5.02
software processed 1-min actigraph epochs for sleep and
wake from activity levels produced in the surrounding 2-min
period (medium sensitivity). This algorithm was applied to
portions of the record identified as sleep through a combi-
nation of diary reports and actigraph event markers at lights-
out and lights-on. In comparison to videosonography in
young children, this sleep–wake algorithm shows high
overall epoch-by-epoch agreement (94%) and is excellent
in detecting sleep (sensitivity = 97%); however, it overesti-
mates wake during the sleep period (specificity = 24%;
Sitnick et al., 2008). Sleep periods were excluded: (1) when
the actigraph was off for all ⁄part of the sleep period; (2)
when the concurrent diary report was not available; and (3)
when the sleep period included external motion (e.g.
sleeping in a car). For each sleep period, three actigraph
variables were derived: (1) time in bed (sleep opportunity) –
minutes from lights-out to lights-on; (2) sleep period (dura-
tion) – minutes from sleep start (first of three consecutive
minutes scored as sleep after lights-out) to sleep end (last of
five consecutive minutes scored as sleep before lights-on);
and (3) sleep efficiency (quality) – % of sleep epochs
between sleep start and sleep end time. In this study, we
used actigraphy to verify sleep schedule compliance and to
assess whether childrens sleep opportunity, duration and
quality differed during the 5 days prior to each emotion
assessment.
Observational coding of emotion displays
We videotaped children during emotion assessments for later
coding by trained researchers (blind to condition) using The
Observer XT software (Noldus Technologies, Wageningen,
The Netherlands, 2007). We used a modified version of the
AFFEX coding system (Izard and Dougherty, 1980) to
produce a second-by-second record of the childs affective
state. We coded the following discrete emotion expressions:
joy; interest ⁄excitement; pride; sadness; anger; worry ⁄anx-
iety; disgust; shame; neutral (default state); and unscoreable
(e.g. child is off-camera). Because the protocol places
children in an uncertain situation requiring high cognitive
load, we also coded the complex (knowledge) emotion
expression Confused. Reliability was assessed based on
a sample of independently-coded tapes (n = 6). Between-
coder correlations for emotion codes were uniformly high,
ranging from r = 0.92 to r = 1.00. Because certain emotions
occurred infrequently (e.g. anger, disgust), we created
composite variables representing the percentage of time in
a positive emotion state (sum of joy, interest ⁄excitement,
pride), percentage of time in a confused state (cognitively
engaged, yet uncertain) and percentage of time in a negative
emotion state (sum of sadness, anger, worry ⁄anxiety and
disgust). We analyzed these composite variables, as well as
each specific (discrete) emotion expression that was origi-
nally coded (e.g. joy, pride), to determine the effects of sleep
restriction on overall emotion valence (positive ⁄negative), as
well as each individual emotion.
Research questions and hypotheses
We examined whether childrens emotion responses to the
emotion-elicitation and challenge protocols varied as a
function of acute sleep restriction. We predicted children
would show: (1) fewer positive emotional displays; (2) fewer
confused displays; and (3) more negative emotional displays
in the No-Nap than in the Nap condition.
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Analysis plan
All analyses were performed with the PASW Statistics
Package 17.0 (SPSS, Chicago, IL, USA). For the emotion-
eliciting protocol, repeated-measures analyses (Nap versus
No-Nap) of ordinal data (number of pictures eliciting an
emotion response) were performed with Wilcoxon matched-
pairs signed-ranks tests. For the challenge protocol,
repeated-measures analyses (Nap versus No-Nap) of con-
tinuous data (% time in emotion state during puzzle task
segments) were performed with paired t-tests for discrete and
composite emotions. Summary measures are presented as
means (M) and standard deviations (SD). The significance
level for analyses was set at 0.05 (one-tailed tests). Effect size
in SD units was computed for % time in emotion state M
comparisons (d = MNo-Nap ) MNap ⁄SDpooled).
RESULTS
Behavioral, emotional and sleep problem status
All toddlers were below clinical cutoffs on CBCL T-scores
(M = 41.45; SD = 6.72). With regard to sleep problems,
participants scores on all CSHQ subscales were well below
the mean of published norms for a sleep-clinic-referred
sample of children (Owens et al., 2000). Parental reports
showed children took about six naps per week (M = 4.18 on
weekdays; M = 1.64 on weekends), confirming they followed
a biphasic sleep schedule.
Protocol sleep schedule verification
We found no differences between childrens sleep schedule
parameters (i.e. lights-out, rise time, time in bed, sleep
period, sleep efficiency) during the first 4 days before each
emotion assessment (Nap versus No-Nap conditions;
Table 2). Because this study used nap deprivation to restrict
childrens sleep, we expected significant differences in sleep
parameters during the 24 h before each emotion assess-
ment. Although average bedtime and rise time on the night
prior to assessments was the same, children spent less time
in bed (116.8 min) and had shorter sleep periods (97.1 min)
during the 24 h before No-Nap than Nap emotion assess-
ments. Sleep efficiency between conditions was the same.
Sleep restriction effects on emotion responses
Emotion-elicitation results
Child emotion responses to the emotion-elicitation protocol
varied as a function of sleep restriction. When viewing neutral
pictures (Fig. 3a), children in the No-Nap condition displayed
confused responses to fewer slides than they did in the Nap
condition (Z = )2.82; P = 0.001). They also showed negative
displays to more neutral slides (Z = 2.27; P = 0.012) in the
No-Nap than in the Nap condition. The positive pictures
(Fig. 3b) did not elicit fewer positive displays from children in
the No-Nap than in the Nap condition (Z = )1.63; P = 0.051).
Finally, the negative pictures (Fig. 3c) elicited more negative
displays from children in the No-Nap than in the Nap
condition (Z = )2.17; P = 0.015).
Challenge results
Emotion displays during the solvable and unsolvable puzzle
tasks also differed in response to sleep restriction. During the
solving segment of the solvable puzzle, children spent 34%
less time on average displaying positive emotion responses
Table 2 Actigraphic sleep variables during the 5 days (4 days and 24 h described separately) prior to each emotion assessment for Nap and
No-Nap conditions
Nap No-Nap Statistics
M SD M SD t d P
4 days prior to assessments
Night lights-out time 20:00 0:29 20:04 0:28 0.88 0.27 0.40
Morning rise time 6:53 0:27 6:55 0:26 0.32 0.10 0.76
Nap lights-out time 13:28 0:47 13:28 0:51 )0.03 0.00 0.98
Nap rise time 15:15 0:35 15:20 0:42 0.39 0.12 0.71
Time in bed (min) 759.84 37.00 762.73 34.81 0.42 0.13 0.69
Sleep period (min) 687.70 43.57 692.22 34.41 0.54 0.17 0.60
Sleep efficiency (%) 86.09 3.94 85.02 4.82 )1.34 0.42 0.21
24 h prior to assessments
Night lights-out time 19:55 0:30 19:59 0:21 )0.81 0.15 0.44
Morning rise time 7:00 0:29 7:01 0:25 )0.05 0.00 0.96
Nap lights-out time 13:19 0:42 – – – ) –
Nap rise time 15:12 0:52 – – – ) –
Time in bed (min) 777.50 51.64 660.70 33.17 )10.25 3.24 <0.001
Sleep period (min) 713.14 42.27 616.00 32.44 )6.84 2.58 <0.001
Sleep efficiency (%) 87.69 6.51 84.80 8.52 )0.99 0.38 0.36
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in the No-Nap than in the Nap condition (Fig. 4; Table 3).
Specifically, when children were given the opportunity to
complete an age-appropriate puzzle, they showed less joy
and pride when sleep restricted than when optimally rested
(Table 3). The observed decrease in positive displays with
nap deprivation was associated with a reciprocal increase in
the percentage of time children displayed neutral or no
emotion [e.g. as opposed to an increase in negative (Nap:
Neutral pictures
Number of pictures eliciting a negative response
N
um
be
r 
of
 p
ar
tic
ip
an
ts
Number of pictures eliciting a confused response
N
um
be
r 
of
 p
ar
tic
ip
an
ts
3
0
1
2
3
4
5
6
7
8
9
0 1 2
Nap
3
0
1
2
3
4
5
6
7
8
9
0 1 2
No-Nap
No-Nap < Nap (P = 0.001)
3
0
1
2
3
4
5
6
7
8
9
0 1 2
No-Nap
3
0
1
2
3
4
5
6
7
8
9
0 1 2
Nap
No-Nap > Nap (P = 0.012)
Positive pictures
Number of pictures eliciting a positive response
N
um
be
r 
of
 p
ar
tic
ip
an
ts
3 4 5
0
1
2
3
4
5
6
7
8
9
0 1 2
Nap
3 4 5
0
1
2
3
4
5
6
7
8
9
0 1 2
No-Nap
No-Nap < Nap (P = 0.051)
Negative pictures
Number of pictures eliciting a negative response
3
0
1
2
3
4
5
6
7
8
9
N
um
be
r 
of
 p
ar
tic
ip
an
ts
0 1 2
Nap
3
0
1
2
3
4
5
6
7
8
9
0 1 2
No-Nap
No-Nap > Nap (P = 0.015)
(a)
(b)
(c)
Figure 3. Frequency histograms of the
number of pictures eliciting emotion re-
sponses by picture valence (neutral, positive
and negative) in Nap and No-Nap conditions.
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(P < 0.05).
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40.2 ± 38.3%; No-Nap: 65.7 ± 28.0%; t9 = 3.09, d = 0.77,
P = 0.006)].
During all segments of the unsolvable puzzle, children
spent less time displaying confusion (i.e. cognitive engage-
ment) in the No-Nap than in the Nap condition (Fig. 5;
Table 3). That is, in the No-Nap condition, children spent
15% less time displaying confusion when solving the puzzle,
28% less time displaying confusion when only the wrong
piece remained, and 39% less time displaying confusion
when prompted to finish the puzzle. Children also spent
more time displaying negative emotion in the No-Nap than in
the Nap condition (22% increase in Wrong Piece segment;
31% increase in Finish the Puzzle segment). Specifically,
when children were faced with a puzzle with no solution, they
showed significantly more worry ⁄anxiety when sleep
restricted than when well rested (Table 3).
Finally, we observed wide variability (0–100%) in the
percentage of time children displayed positive emotion
responses during the Solving segment of the solvable
puzzle (Fig. 6a) in the Nap condition. In the No-Nap condi-
tion, over half the sample showed a decrease in positivity
(four were dramatic), while the remaining children showed
little-to-no change (one even showed a minor increase).
Individual variation in confused displays during the Finish the
Puzzle segment of the unsolvable puzzle in the Nap
condition (Fig. 6b) was also considerable (0–86%), and the
effect of sleep restriction was dramatic in the majority of
participants.Finally,weobservedsubstantialvariability(0–89%)
in negative displays during the Finish the Puzzle segment of
the unsolvable puzzle (Fig. 6c). In the No-Nap condition, one
participant had a dramatic increase in negative displays, one
showed no change, and the majority showed small-to-
moderate increases.
DISCUSSION
To our knowledge, this is the first experimental study to
examine acute sleep restriction effects on young childrens
emotion responses. In our healthy, normally-developing,
good-sleeping 30–36 month olds, we found that merely
eliminating a nap dampened childrens positive emotions,
amplified their negative emotions and decreased their
confusion displays. Such responses were observed in a
non-social context where children were presented with
emotion-eliciting stimuli and in a more social context where
children attempted to complete solvable and unsolvable
puzzles with a familiar examiner. Sleep restriction effects on
emotion displays were strongest in the social context. Results
are discussed with regard to the role of sleep in optimal
emotion processing and the importance of extending rigorous
investigations of sleep–emotion links into early childhood.
Acute sleep restriction affects toddlers emotion
expression
Our results support and extend previous findings regarding
sleep-deprivation effects on emotion. Adult studies identify
increased negative mood and anxiety under sleep-deprivation
conditions (Franzenet al., 2009;Gujaret al., 2011;Pilcher and
Huffcutt, 1996). When toddlers skipped just one regular
afternoon nap of about 120 min and were faced with instruc-
tions to finish the unsolvable puzzle, we observed a 31%
increase in expression of negative emotion, specifically
worry ⁄anxiety.Our puzzle task approximates situations similar
to what children may encounter at school; it is worth consid-
eringwhether childrenwho obtain inadequate (daytime and ⁄or
nighttime) sleep are experiencing negative emotions, perhaps
specifically worry ⁄anxiety, in school settings. The fact that we
see this so early in development is also notable, given that
worry ⁄anxiety is associated with poor school performance in
later years, yet is a behavior easily missed in young children,
particularly in busy classroom settings (Winsler and Wallace,
2002).
Missing a nap was also associated with a 34% decrease in
positive emotion displays, specifically less joy and pride in
the solvable puzzle task. In adults, napping has been
associated with enhanced ratings of happiness (Gujar et al.,
2011). Positive emotions are critical for many aspects of
healthy psychological development, such as initiating and
extending social interactions, as well as helping individuals to
broaden their outlook and promote openness to new ideas
(Fredrickson, 2001). In sum, sleepy children may view and
respond to the world differently than children who are well-
rested; they may not be able to take full advantage of positive
experiences and may not be as able to manage challenges.
Children who were nap-deprived also spent 39% less time
displaying confusion when prompted to finish the unsolvable
puzzle task. Confusion has been described as a knowledge
emotion, resulting when a stimulus is of high novelty and low
comprehensibility (Silvia, 2009). Confusion may represent an
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opportunity for cognitive engagement and a need to retrieve
information from the environment (DMello et al., 2007; Silvia,
2009). Young children likely experience many stimuli in their
daily interactions with the environment that are not yet
comprehensible, and confusion may help motivate them to
find a solution. Here, childrens lack of sleep may have
deprived them of the attentional and cognitive sharpness
needed to register the challenge or motivation to address the
situation. Considering broader implications, a lack of sleep in
contexts that rely on young childrens mastery of new
information (e.g. preschool) may have significant and poten-
tially dire longer-term consequences.
Zohars et al. (2005) cognitive energy theory states that
when sleep-deprived, facing a challenge should result in
increased negative affect because the energy required for
managing that event is drained from lack of sleep. In contrast,
Table 3 Percentage of time in discrete and composite emotion states during solvable puzzle and unsolvable puzzle task segments (n = 10)
Nap No-Nap Statistics
M SD M SD t d P
Solvable puzzle task (Solving segment)
Positive (composite) 54.6 40.0 20.5 28.9 )2.66 0.98 0.013
Joy 41.8 37.8 17.6 28.8 )2.26 0.72 0.025
Pride 5.9 7.4 1.3 2.6 )2.25 0.45 0.025
Interest ⁄ excitement 6.8 1.6 1.3 2.3 )1.31 0.31 0.111
Confused 1.0 2.6 5.3 8.9 )1.65 0.74 0.067
Negative (composite) 4.1 7.4 8.5 13.9 0.84 0.41 0.212
Anger 0 0 0 0
Sad 0 0 0 0
Worry ⁄ anxiety 4.1 7.4 8.5 13.9 0.84 0.41 0.212
Shame 0 0 0 0
Disgust 0 0 0 0
Unsolvable puzzle task (Solving segment)
Positive (composite) 26.8 26.5 23.8 30.4 )0.34 0.11 0.373
Joy 19.9 21.7 21.7 31.1 0.23 0.03 0.411
Pride 1.2 2.4 0 0 )1.53 0.97 0.08
Interest ⁄ excitement 5.8 14.0 2.1 6.2 )1.38 0.36 0.101
Confused 22.6 22.0 7.5 9.0 )1.94 0.97 0.042
Negative (composite) 6.9 11.4 12.2 17.6 1.02 0.36 0.167
Anger 0.2 0.7 0 0 )1.00 0.30 0.172
Sad 0 0 0 0
Worry ⁄ anxiety 6.7 11.5 11.9 17.7 1.02 0.36 0.168
Shame 0 0 0 0
Disgust 0 0 0.2 0.8 1.00 0.63 0.172
(Wrong piece segment)
Positive (composite) 2.8 3.8 4.2 9.6 0.63 0.21 0.272
Joy 1.6 3.7 3.1 6.6 1.15 0.29 0.141
Pride 1.1 2.1 1.0 3.2 )0.01 0.03 0.499
Interest ⁄ excitement 0.1 0.2 0 0 )1.00 0.06 0.172
Confused 34.3 23.9 6.0 7.0 )3.66 1.83 0.003
Negative (composite) 41.4 34.2 63.7 25.1 3.73 0.79 0.003
Anger 3.9 6.2 1.9 6.0 )0.84 0.33 0.212
Sad 0.42 0.89 7.9 18.5 1.33 0.78 0.108
Worry ⁄ anxiety 31.8 34.2 50.0 26.5 2.21 0.60 0.027
Shame 4.9 5.0 3.2 6.3 )0.91 0.30 0.181
Disgust 0.35 0.73 0.69 2.2 0.45 0.24 0.330
(Finish puzzle segment)
Positive (composite) 3.0 6.3 0.13 0.41 )1.40 0.85 0.097
Joy 1.3 4.2 0.13 0.41 )0.89 0.52 0.199
Pride 1.6 5.1 0 0 )1.00 0.64 0.172
Interest ⁄ excitement 0 0 0 0
Confused 43.2 33.5 4.17 5.7 )3.72 1.99 0.002
Negative (composite) 39.7 28.9 70.8 20.5 3.58 1.26 0.003
Anger 8.3 14.7 3.6 11.3 )1.11 0.37 0.148
Sad 0.23 0.71 4.9 10.6 1.48 0.82 0.086
Worry ⁄ anxiety 29.5 33.9 58.9 28.1 2.82 0.95 0.010
Shame 1.7 5.2 3.5 7.7 0.58 0.28 0.288
Disgust 0 0 0 0
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in goal-enhancing contexts like our solvable puzzle task,
sleep restriction would result in decreased positive emotion
displays, because there are limited energy reserves available
for positive engagement. Zohar et al. (2005) showed that
medical residents with disrupted sleep experienced increased
negative affect in response to challenge and diminished
positive affect in response to (objectively positive) events. Our
findings that acute sleep restriction causes dampened
positive emotion displays when positive responses are
expected (solvable puzzle), as well as increased negative
emotion and decreased confusion displays under challenging
conditions (unsolvable puzzle), support and extend this theory
to a much younger age range.
Developmental implications
Dahl (1996) proposed a developmental framework in which
sleep, affect and arousal are interrelated across behavioral,
clinical and neurological domains. Sleep problems in young
children are often associated with poor emotional and
behavioral adjustment, including internalizing and externaliz-
ing problems (Coulombe et al., 2010). Although the mecha-
nisms of association are not yet entirely clear, the observed
differences in emotion may be the result of one or more
changes, for example in: (1) the brains ability in registering
emotion; (2) the brains ability to process and integrate that
registered emotion; or (3) the final outward behavioral
expression of these registered, integrated emotions. The
current study provides unique experimental evidence that
inadequate sleep due to missing a daytime nap in toddler-
hood leads to non-adaptive emotion processing. Over time,
young children who are chronically sleep restricted may
develop longer-lasting dysregulated emotion patterns. The
emotion expressions we observed (i.e. increased negativity;
decreased positivity) in response to simple nap deprivation
mirror the symptoms of major depressive disorder; and,
indeed, difficulties with emotion regulation during early
childhood can signal behavioral problems later in develop-
ment (Cole et al., 1994).
Identifying factors underlying individual differences in the
development of emotion processing in early childhood is a
critical step in elucidating pathways to psychopathology and
identifying avenues for early intervention. Early childhood
represents a window during which the neural substrates
influencing expression and regulation of emotion are in a
state of rapid change, and obtaining adequate sleep may be
essential to facilitate these plastic processes (Shonkoff and
Philips, 2000). Our descriptive data lend credence to this
general proposition. Although beyond the scope of the data
we collected, others (e.g. Walker and Harvey, 2010) have
speculated that sleep–emotion associations are driven by
neurological mechanisms involved in both emotion process-
ing and sleep regulation, such as those involving the
amygdala and the prefrontal cortex regions.
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Finally, another important developmental feature of this
study is that we examined the impact of restricting daytime
sleep, or napping. Even in adults, napping is associated with
adaptive emotion processing (Gujar et al., 2011). Themajority
of toddlers do not sleep only at night (Weissbluth, 1995), thus,
daytime sleep is likely essential for meeting their individual
physiological sleep need. Our results suggest that merely
removing one nap from otherwise well-rested children pro-
duces substantial changes in their emotion expression.
Whether such responses would be observed as a conse-
quence of other common types of acute sleep restriction (e.g.
early morning awakenings, bedtime delay) or amplified when
children experience chronic restriction of sleep, remain
important unanswered questions. Furthermore, the preschool
years represent a developmental window when children begin
to give up their afternoon naps (Crosby et al., 2005; Weissb-
luth, 1995). For many young children, this transition is not
smooth – they experience inconsistent nap schedules or do
not nap enough, which may result in the increase of sleep debt
across the day ⁄week, delayed sleep onset and ⁄or disrupted
nighttime sleep. Clearly, further longitudinal research is
needed to identify sleep-related vulnerabilities in early child-
hood, as they may influence not only emerging behavioral
styles and emotion processing, but also affective neural
development.
Limitations and future directions
Although this study used a well-controlled experimental
design, it is not without limitations. First, although the IAPS
is the best available set of validated emotion stimuli, the
images we used to elicit emotion responses had not been
previously used in children under the age of 4 years. The
stimuli elicited mostly neutral expressions, perhaps in part
due to the passive nature of the task (i.e. watching a
computer). Thus, it may be more useful in future work to
examine the effects of sleep restriction on emotions in more
naturalistic interactional contexts. Indeed, our puzzle tasks,
which were designed to be more social and interactive in
nature, elicited a greater range of emotion responses.
Second, although observational coding is often the gold
standard of emotion studies, particularly for young children
who cannot report reliably on their emotional experience,
internal sensations are also critical elements of emotion
experience (Mauss et al., 2005). Reliance on differential
emotions theory, which underlies coding and interpretation of
facial expressions, limits our ability to access the inner
experience of our participants. Third, while a recent report in
adults suggests rapid eye movement-rich naps are associ-
ated with increased daytime adaptive emotion functioning
(Gujar et al., 2011), we did not obtain such data in our
sample. Fourth, ideally we would have liked to balance the
Nap and No-Nap conditions; however, this was not feasible in
the context of the parent project. Seven of the 10 children in
the final analysis received the Nap condition first. We found
no order effect on any of the reported outcome measures,
although we are likely underpowered to detect such effects.
Finally, due to the relatively demanding nature of our
experimental protocol, our sample was relatively small and
consisted of very good sleepers, which is not typically the
norm for children this age (Owens et al., 2000). This limits the
full generalizability of our results. Future research should aim
to include young children with sleep difficulties or emo-
tional ⁄behavioral problems to assess whether the present
results generalize to a wider group of toddlers.
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